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I. INTRODUCTION 
Quantitative studies of the chemical activities of microorganisms are at 
present handicapped by the lack of adequate analytical methods. The 
analytical problem is made complex by the fact that there are present in 
a fermentation medium a large variety of organic compounds represent-
ing a number of homologous series. After the separation of the series the 
next step is that ·Of separating the members of a given series, for example the 
aliphatic monocarboxylic acids, the monohydric alcohols, the glycols and 
the non-volatile acids. 
While a voluminous literature is available on the chemical activities of 
microorganisms, much of the data are qualitative, or quantative because 
of special conditions under which only one or at most two members of a 
given series are assumed to be produced, or -0nly a limited number of the 
products are considered. Zyrnology will be truly quantitative only when 
it is possible to make a complete chemical ''flow sheet'' of a given organ-
ism, on a given substrate under controlled conditions. 
The work presented in this paper is a preliminary report on a pro-
gram of research on the development of adequate methods for the quanti-
tative determination of fermentation products and deals with the two 
acids, formic and acetic, of the satumted aliphatic mon-0~basic acid series. 
Later communications will be concerned with combinations of other acids 
of this series in mixtures. The general procedure here outlined in some 
detail will be applicable to other phases of the problem. 
• This communication is based upon a. thesis submitted by Edmond E. Moore in partial 
fulfillment of the requirements for the degree Doctor of Philosophy in chemistry 
at Iowa State College. 
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IL REVIEW OF METHODS FOR THE QUANTITATIVE DETER-
MINATION OF FORMIC ACID 
The following methods have been used for the determination of formic 
acid in the p~esence of one or more of the other volatile fatty acids. In 
each <;iase typical references precede the brief discussion. 
Reduction of mercuric salts. Auerbach and Puddleman (1910). Auer-
bach and Zeglin ( 1922), Benedict and Harrop ( 1922), Fincke ( 1913), Fran-
zen and Egger ( 1911), Franzen and Greve ( 1910), Holm erg and Lindberg 
(1923), Oberhauser and Hensinger (1927), Ost and Klein (1908), Pregl 
(1917), Riesser (1916) and Utkin-Ljubowzoff (1923). 
The reduced mercury salt can be weighed or determined iodometric-
ally. The method is accurate but time consuming. The reduction usually 
requires several hours of heating on a water-bath in the presence of suit-
able catalysts. The subsequent determination of the quantity of mercurous 
salt formed also requires considerable time. 
Reduction of platinum chloride to metallic platinum. Bacon (1911) 
has used this method for the determination of small quant'ties of formic 
acid. 
Reduction of iodates. Cuny (1911). This method is similar to those 
used in the reduction of mercuric salts. First, the sample is refluxed with 
iodic acid, the solution having been made strongly acid with sulfuric acid, 
then the iodine is liberated, distilled off, and titrated with sodium thio-
f!Ulfate. The method requires as much time as that using the reduction of 
mercuric salts. 
Reduction of potassium permanganate. Fouchet (1912), Grossman 
and Aufrecht (1906), Oberhauser and liensinger (1927), Ost and Klein 
(1908), Whittier (1923). 
If the temperature, concentration and time are properly regulated, 
the formates in a solution which has been made alkaline with sodium car-
bonate will be oxidized by potassium permanganate, while the salts of the 
other acids will not be affected. This method has been modified many 
times, but has never become popular. 
The reduction of bromine. Joseph (1912). Oberhauser and Hensinger 
(1927). The first method was shown to give unsatisfactory results. The 
second is claimed by the authors to be better. The formic acid is treated 
with bromine in potassium bromide, an excess of standard sodium di-
hydrogen arsenite is added and the solution titrated with bromine in potas-
sium bromide, using indigo carmenstyphinic acid 2 :1 as indicator. The 
method is time consuming. 
The reduction of chromic acid. MacNair (1887), Nicloux (1897), Ost 
and Klein (1908), Tsinopinas (1917). 
The method consists in boiling the sample with potassium dichromate 
and sulfuric acid and titrating back with potassium iodide and sodium 
thiosulfate. It has the same objections as other reduction methods. 
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Decomposition by concentrated sulfuric acid and measurement of the 
carbon monoxide evolved. Ost and Klein (1908), Wegener (1903). The 
method is applicable only to concentrated solutions. 
Reduction by metallic magnesium. Fenton and Sisson (1907). The 
method is not accurate enough for quantitative work. 
Displacement of the acetate by the formate radical. Heermann (1915). 
The formate and acetic acids can be converted to the sodium salts and 
weighed, then by treatment with formic acid the whole can be changed to 
sodium formate, and again weighed. The first weight gives the sum of 
the weights of sodium formate and sodium acetate, and the second weight 
gives the weight of the sodium formate plus that of the sodium acetate 
expressed as soliium formate. From these data the weights of the formic 
and acetic acids originally present can be calculated. The method has been 
criticized by Laufmann ( 1915), who reported that all the acetic acid was 
not expelled even after several evaporations with formic acid. It would 
not be applicable in the presence of other acids than acetic. 
Micro-analytical methods. Wohack (1921). These are based on the 
reduction of mercuric salts and differ from those given above mainly in 
the quantities used. 
Separation by distillation depending on the various rates of distilla-
tion of different acids. The method was first proposed by Liebig (1849). 
Duclaux (1895) devised a method of analysis which was based on this prin-
ciple. He distilled 110 c.c. of a solution containing 1 to 2 per cent of acid. 
100 c.c. of the distillate were collected in ten fractions of ten c.c. each. The 
ratios between the sets of values obtained by titrating these fractions and 
those obtained on titrating the whole sample are known as Duclaux 's con-
stants. These constants serve to identify any particular acid. By assum-
ing that each acid in a mixture behaves as if it were there alone Duclaux 
extended his method to the analysis of mixtures. This procedure has been 
used by many investigators, but has been subject to much criticism, espe-
cially by Richmond (1895), and Upson, Plum and Scott (1917). 
Steam disti"llation. Dyer (1917) introduced a method of steam distil-
lation. He aimed at keeping the volume approximately constant by intro-
ducing steam. He regulated the source of heat and the supply of steam 
so that the level of the liquid in the flask did not alter appreciably. This 
method lessens one of the more serious errors in the Duclaux procedure in 
that during the distillation of an aqueous solution, unless the solute has 
the same rate of volatilization as the solvent, the concentration of the latter 
will change. Richmond (1895) found that, in the case of formic, and to a 
less extent of acetic acid, the rate of distillation is influenced by the con-
centration of the solutes. In the case of an ordinary distillation in which 
the substance in solution distills at a slower rate than the solvent, the solu-
tion will become more concenerated with the consequent alteration of con-
stants. In an unknown mixture a correction cannot be applied with cer-
tainty in such cases. Variations in concentration, with consequent altera-
tion of constants, will be reduced if the distillation is carried out at con-
stant volume. The limits of variation can be reduced still further if rela-
4 EDMOND E. MOORE WITH ELLIS I. FULMER 
tively large volumes of solution are distilled compared with the volume of 
distillate collected. 
The following table gives the data upon which Dyer's method is based. 
It gives the comparative percentages of acid which distill over into the 
first 100 c.c. fraction of distillate from a constant volume of 150 c.c. 
Table 1. Percent of aeids distilling aeeording to 
Dyer (1917) 
Formie Aeetie Propionie J n-Butyrie 
17.89 30.75 52.67 I 69.88 
The volatility with steam increases with the addition of CH2 groups. 
Dyer repeated the above, titrating 10 c.c. fractions in each case, and found 
that the percentage figure for the first 10 c.c. fraction is the distilling con-
stant for each acid, ''or is that percentage of the residual acid which dis-
tills over in each successive 10 c.c. fraction.'' He was able to show from 
theoretical calculations based upon the above that the percentage of any 
single acid distilled over at any time is a simple logarithmic function of 
the cubic centimeters of distillate obtained. These deductions he checked 
experimentally. He then was able to represent on a logarithmetic chart 
the percentage of acid distilled over for any given amount of distillate. 
The identification ·of a single acid by this method is carried out as 
follows: The total acid present is titrated with 0.1 N alkali, the distilla-
tion is then so arranged that the amount of pure acid contained in the 
total 150 c.c. volume in the distilling flask is about 0.5 c.c. For distilla-
tion the acid is liberated with an equivalent amount of 0.1 N or 0.2 N sul-
furic acid. Any convenient amount of distillate, for example 100 c.c., is 
collected. This is titrated with 0.1 N alkali and the value obtained divided 
by that secured in the original titration. The result will be the distilling 
constant of the acid for the first 100 c.c. fraction of distillate. The nature 
of the acid distilled can be found by comparing the value obtained with 
the logarithmic chart. 
Mixtures of acids upon distillation give curved instead of straight 
lines when represented on the chart. With neighboring acids these curved 
lines will be very flat, while the further removed from each other the acids 
are in their relative positions on the chart, the greater will be the bulge 
in the curve. In the case of formic and acetic acids, since the distilling con-
stant of each pure acid is known, and the distilling constant of the mix-
ture is obtained, one can calculate in what proportions they are mixed. 
The use of the method with mixture of acids which are not neighboring is 
questioned. Dyer states, ''The lowest acid of the series in the mixture 
will be identified with certainty since it will eventually reach a point where 
it will begin to parallel some straight line on the chart which represents 
that acid. This same point indicates where the other acid of the mix-
ture has run out and reference to a table given will indicate with a fair 
degree of certainty the nature of this accompanying acid.'' Reilly and 
Hickenbottom (1919) do not agree with the above; they state, "By dis-
tilling an aqueous solution of a mixture of two acids having different rates 
of volatilization, it becomes evident that as the distillation proceeds, the 
solution in the flask will become relatively richer in the less volatile acid, 
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so that the solution gradually changes in composition with a correspond-
ing change in vapor. It is ·obvious, therefore, that although a consideration 
of the logarithmic and other constants will give an accurate idea of the 
composition of the vapor at any given time, it cannot be applied with cer-
tainty to the compositfon of the solution distilled. The method suggested 
by Dyer of taking the point at which the logarithmic curve of the mixture 
becomes parallel to that of the less volatile component is therefore open 
to a very wide error, and can be only approximate." 
Donker (1926) suggested a mehod of adjusting the hydrogen ion con-
centration so that the formic acid would distill over while the acetic acid 
would not. Because of the small differences in dissociation constants in 
these two acids the method would appear to be d1fficult, if at all practical. 
Variations in solubility between adjacent members of the fatty acid 
series or corresponding derivatives are usually small and sharp separations 
by the solubility method are hard to obtain. 
We were unable to find any reference to methods for the determina-
tion of formic acid by conductivity methods. Kolthoff (1923) gives a 
method £or determining the total volatile fatty acids by a conductometric 
method. He titrated the mixture with mercuric perchlorate, and obtained 
a sharp change, or break, in the conductivity curve due to the formation 
of the slightly dissociated mercuric salts. He does not propose a method 
for the determination of the individual members of the series. 
III. GENERAL DISCUSSION OF CONDUCTOMETRIC TITRATION. 
For a summary of the theory and applications of conductometric titra-
tions the reader is referred to a monograph on that subject by Kolthoff 
( 1923). The conductivity of an acid or of a mixture of acids, at a given 
concentration, is a function of the temperature, the viscosity of the me-
dium, the degree of dissociation of the solutes, and the mobility of the 
ions. By using dilute solutions at constant temperature and employing 
acids of a similar nature, such as those used in these studies, the changes 
due to variation in viscosity are reduced to a minimum. In table 2 are 
given data on the specific conductivity of a strong acid, hydrochloric, and 
a weak acid, formic acid as affected by the addition of a strong base, potas-
sium hydroxide. The data are plotted in figures 1 and 2. 
It is seen that with hydrochloric acid there is a marked decrease in 
the specific conductivity to the neutralization point at which the specific 
conductivity increases rapidly. Hydrochloric acid of the strength used 
will be very largely dissociated and therefore the conductivity will be high 
due to the large number of highly mobile hydrogen ions present. As 
potassium hydroxide is added the hydrogen ions are replaced by the less 
mobile potassium ions until neutralization is reached . . The addition of 
more potassium hydroxide now causes an increase in conductivity and adds 
some of the highly mobile hydroxyl ions. Eastman (1925) shows mathe-
matically that this end-point should check the true neutralization point 
within a few thousandths of one per cent. 
If in place of hydrochloric acid we use a weak acid, for example 
formic, and neutralize with potassium hydroxide, at first the conductivity 
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TABLE 2. Titration of 1 c.c. of N HCI and of lc.c. of N HCOOH in 156 c.c. of 
solution (0.0641 N) with N KOH 
c.c. 
Alkali 
0.00 
0.20 
0.40 
0.60 
0.80 
0.94 
0.98 
1.00 
1.02 
1.06 
1.10 
1.20 
1.40 
1.60 
1.80 
HCl 
Specific conductiv- I 
ity x 10' 
26.77 
23.28 
19.68 
16.18 
12.61 
10.19 
9.47 
9.29 
9.51 
10.01 
10.59 
12.23 
15.40 
18.59 
21.88 
c.c. 
Alkali 
0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.30 
0.40 
0.60 
0.80 
0.94 
0.98 
1.00 
1.02 
1.06 
1.10 
1.20 
1.30 
1.40 
1.80 
1.60 
HCOOH 
Specific conductiv-
ity x 10• 
4.054 
3.861 
3.728 
3.640 
3.612 
3.624 
3.846 
4.214 
5.246 
6.485 
7.411 
7.692 
7.848 
8.088 
8.677 
9.264 
10.820 
12.440 
14.060 
20.440 
17.290 
decreases as in the case ·of the strong acid, but it begins to increase before 
all of the acid is neutralized, and at the neutralization point the conduc-
tivity increase becomes still greater. The formic acid is not as highly 
ionized as the hydrochloric and thus the initial conductivity is less. As 
potassium hydroxide is added, potassium formate, which is highly ionized, 
is formed. This cuts down the ionization of the formic acid. A point is 
soon reached where the decrease in conductivity due to the decrease in 
hydrogen ions is less than the increase in conductivity due to the increase 
in number of potassium and formate ions. The location of this point de-
pends upon the concentration of the acid. In a very dilute solution it 
would approach the neutralization point. This minimum is not a definite 
sharp ''break'' as in the case of a strong acid and strong base, but a 
rounded "hump", which makes it unsuited for use in analytical work. 
When the minimum part of the curve •has been passed the conductivity 
continues to increase evenly up to the neutralization point, where there is 
a "break" in the curve, the conductivity increasing more rapidly but 
again evenly because of the increasing numbers of the more mobile hy-
droxyl ions, as in the case of the strong acid and strong base. 
In table 3 are given data for the conductometric titration of formic 
acid, acetic acid and a mixture of equal amounts of these acids with the 
weak base ammonium hydroxide. The data are plotted on figure 3. The 
large excess of acid present at first hinders the hydrolysis of the salt. The · 
conductivity passes thru a minimum and then increases as in the above 
case. In the vicinity of the end-point hydrolysis becomes large and the con-
ductivity increase.a less rapidly. When an excess of the weak base has been 
added the hydrolysis will be suppressed and there will be no further meas-
ureable change in conductivity. 
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TABLE 3. Titration of HCOOH, CH,COOH, and a mixture of the acids with NH,OH, 
(1 N) total concentration of acids = 0.00641 N 
1 c.c. HCOOH diluted to 1 c.c. CH,COOH diluted I 0.50 c.c. HCOOH, 0.50 c.c. 
156 c.c. to 156 c.c. CH,COOH diluted to 156 c.c. 
I Sp. Cond. I Sp. cond. I [ Sp. cond. c.c. Alkali x 10' c.c. Alkali x 10• c.c. Alkali x 10• 
0.00 4.057 0.00 1.281 0.00 2.898 
0.05 3.830 0.04 1.174 0.06 2.655 
0.12 3.657 0.08 1.212 0.12 2.562 
0.20 3.643 0.10 1.287 0.16 2.587 
0.25 3.678 0.40 2.942 0.40 3.503 
0.40 4.222 0.60 4.248 0.60 4.717 
0.60 5.254 0.80 5.592 0.80 5.999 
0.80 6.469 0.94 6.457 0.94 6.868 
0.94 7.377 0.98 6.739 0.98 7.188 
0.98 7.608 1.00 6.838 1.00 7.269 
1.00 7.703 1.02 6.853 1.02 7.319 
1.02 7.731 1.06 6.923 1.06 7.350 
1.06 7.759 1.08 6.923 1.08 7.350 
1.08 7.771 1.10 6.923 1.10 7.350 
1.10 7.771 1.20 6.923 1.20 7.350 
1.20 7.771 
The reactions from the beginning of the titration until hydrolysis 
begins to take place are the same as in the case of a weak acid and a strong 
base. Near the neutral point the highly ionized ammonium formate is 
hydrolyzed to formic acid and ammoniUIIl hydroxide, both of which are 
but slightly ionized in the presence -Of ammonium formate, thus slowing 
up the incr.ease in conductivity. After the end-point has been passed the 
addition of more ammoniUIIl hydroxide will cause practically no change 
in conductiytty, as ammonium hydroxide is but slightly ionized in the 
presence of its salts. In the concentrations used in this work the increase 
in conductivity due to the pr.esence of more base is balanced by the de-
crease due to the dilution of salt solution. The end-points in the last two 
cases m11y differ considerably from the true equivalence points. Where 
such diff.erences affect the method outlined they will be discussed later in 
this paper. For a complete discussion of the subject one should refer to 
Kolthoff (1923) and Eastman (1925). 
It is possible to determine a strong acid and a weak acid or two weak 
acids of very different dissociation constants, in the same solution by a 
single titration with an alkali. The stronger acid is neutralized first, then 
the weaker, so that there are breaks in the curve corresponding to the 
amount of each acid present. Kolthoff (1923) shows that this method can-
not be used if the ratio of the dissociation constants of th.e two acids is 
less than 1000 or if the mobilities of the anions of the two acids are nearly 
the same. The dissociation constants of the first members of the volatile 
fatty acids are so near together that an analysis of a mixture by the usual 
conductivity titration is not feasible. 
As stated above, if a weak acid is titrated with a weak base, a point 
is reached, soon after the true neutralization point, beyond which there is 
no further change in conductivity on the addition of ;more base. This 
point is about six percent higher than the true neutral point for the vola-
tile fatty acids in the concentrations used in this work. A correction fac-
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tor has been determined to take care of this difference. Although the usual 
conductometric methods will not apply to the acids mentioned, the authors 
propose a method based on the total changes in specific conductivity on 
titration with ammonium hydroxide. 
IV. EQUIPMENT AND PROCEDURE 
PREPARATION OF SOLUTIONS 
The hydrochloric acid was standardized by precipitation as AgCl. 
The potassium hydroxide was standardized by titrating against the 
standard hydrochloric acid, using methyl orange as the indicator. 
The volatile fatty acids used were standardized by titrating against 
the standard potassium hydroxide, using phenolphthalein as the indicator. 
The solutions of volatile fatty acids were made from samples which were 
prepared by taking the purest acids available and fractionally distilling. 
The ammonium hydroxide was standardized by titrating against the 
standard hydrochloric acid, using methyl orange as the indicator. The 
reference fatty acids and the ammonium hydroxide all had a nor.mality of 
1.00 -+- 0.005. As a further check on the concentrations, the volatile fatty 
acids were titrated against the ammonium hydroxide potentiometrically 
and found to •be equivalent. The specific conductivities of the acids com-
pared very favorably with values in the literature and can be assumed to 
be well within the limits of purity demanded by the work here outlined. 
APPARATUS 
The thermostat maintained a temperature of 25°-+- 0.05. As the mo-
bilities of the ions increase from 1.5% per degree in the case of hydrogen 
to 2.7% in the case of carbonate ion, close temperature regulation is nec-
essary. 
A Kohlrausch bridge (Leeds and Northrup 4258) was used. This 
bridge has a 470 centimeter wire of a:bout 7ohms resistance, which is di-
vided into 1000 divisions with half divisions indicated. Our readings were 
accurate, that is r eproducible, to 0.25 divisions. The two plug controlled 
end coils were each adjusted to 4.5 times the resistaµce of the slide wire, 
and were accurate to 0.1 percent. 
A direct current cannot be used in the determination of conductivity 
because electrolysis would occur and the products set free at the electrodes 
would set up a back E.M.F. and alter the resistance of the liquid, by inter-
posing a layer of gas between the liquids and the electrodes ; these effects 
are included in the term polarization. To avoid this an a'lternating current 
is used. Reilly, Rae and Wheeler ( 1925) give the following as the require-
ments which must be fulfilled if the current is to be satisfactory for this 
work: 
(1) The alternations should be sufficiently rapid and the quantity of 
electricity passing at each alternation should be small so that no appre-
ciable chemical change occurs. 
(2) The quantity of electricity passing in one direction should be 
exactly equal to that passing in the other-if a small excess passes one way 
this will produce exactly the same electrode effects as a direct current of 
the same magnitude. 
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(3) The source of alternating current should give a wave of pure sine 
form. If this condition is not fulfilled and harmonics or overtones are 
present it is difficult to get a good minimum in the telephone. 
Taylor and Acree (1916) have shown that with platinized electrodes 
appreciable differences in the value of the apparent resistance may be pro-
duced by a change in frequency of the measuring current, so that the point 
of balance for the fundamental frequency will not be the same as that of 
the overtones, with the result that a good sound minimum cannot be ob-
tained. 
The induction coil was used by Kohlrausch and Holborn (1898). The 
best results were obtained with small coils having few turns of wire, so 
that the total quantity of electricity passing at each pulse was small: the 
moving parts of the coil being small and light, a high note was obtained 
to which the ordinary telephone and ear are sensitive. This type of instru-
ment was found to be unsatisfactory in our work; it cannot be used when 
accuracy greater than 0.2% is required, since the current departs very 
much from the ideal requirements. Oscillograms obtained from induction 
coils (Taylor and Acree, 1916) contain a number of harmonics and when 
the areas of the positive and negative loops are measured it is found that a 
considerable unidirectional current is present. Since the sum of the two 
currents in opposite directions is not zero, polarization must occur. 
The microphone hummer (Leeds and Northrup No. 9856)• gave fairly 
satisfactory results in this work. The frequency is constant since it is 
maintained by a 1000 cycle tuning fork. This fork actuates the microphone 
and the current thru the microphone also passes thru a transformer, from 
the secondary of which the magnet that keeps the fork in vibration is sup-
plied. An extra subdivided winding on the transformer has a number of 
terminals on the top of the case from which current at different voltages 
but the same frequency may be obtained. The wave form of the micro-
phone hummer has a number of harmonics which may interfere with the 
precision of setting the bridge. This difficulty is somewhat lessened if a 
telephone receiver is used with its resonance point adjusted to the fre-
quency of the microphone hummer. (Leeds and Northrup Catalog 10.) 
The hummer was kept in a covered box, which had a layer of cotton on the 
bottom and was lined with cloth to make it practically sound proof. All 
of the determinations which appear in this paper were made originally 
using this apparatus. 
The two important types of detectors in use are the alternating cur-
rent galvanometer and the telephone receiver. The former has several ad-
vantages over the latter. It is necessary to keep the current on but a short 
time in finding the balance point, thus decreasing the chances of heating and 
polarization. Absolute silence is not necessary and the direction of the 
deflection gives at once the side of the bridge which has the larger resist-
ance. Any creeping of the pointer after balance shows the presence of 
heating or polarization. For low commercial frequencies the galvanometer 
is preferred. For higher frequencies, especially 1000 cydes per second, 
the telephone receiver is twenty times as sensitive as the galvanometer. 
*Mr. R. L. Foster has checked some of our measuremnts using a Vreeland oscillator 
and has found the equipment described to be sufficiently precise for the purpose of 
the particular method here outlined. 
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This high sensitivity is due to the characteristics of the human ear com-
bined with those of the receiver. The sensitiveness of the telephone is so 
great that it is eminently satisfactory with a :tunaible telephone receiver. 
To avoid or r.emedy stray fields, induction effects, etc., it is necessary 
to surround certain parts of the apparatus with earthed iron cases; for an 
excellent discussion of these troubles the reader is referred to Reilley, Ra.e 
and Wheeler ( 1925) . 
The conductivity cell us.ad was made from a 250 c.c. pyrex Erlenmeyer 
flask by sealing two glass tubes, each having an electrode, into the sides. 
To increase the rigidity of the apparatus, thin pieces of glass rod were 
used to conn.act t;h.e four corresponding corners of the two electrodes. The 
electrodes were made of heavy platinum pieces about one-half inch square 
and about one inch apart. A clean platinum electrode gives a poor null 
point due to polarization: a ccinsid.erable range of silence is obtained and 
the notes heard on the two sides of the minimum are not of the same tone. 
Polarization is decreased by platinizing the electrodes. Thick layers of 
platinum may caus.e changes in the solution owing to catalytic action or 
selective adsorption, and by making it difficult to wash out previously used 
solutions. By using a three percent solution of chlorplatinic acid and 
reversing the poles every half minute for eight minutes a very satisfactory 
d.eposit was secured. This was freed from occluded gases by electrolyzing 
a dilute solution of sulfuric acid in the cell for half an hour, introducing a 
third platinum electrode as the anode and having the two electrodes of 
the conductivity apparatus act as joint cathodes. The cell was hung 
loosely on a burette clamp in such a way that it could be shaken without 
removing it from the support. The level of the water in the thermostat 
should be above the level of the liquid in th.e cell. 
A 2 c.c. burette, graduated to 0.02 c.c. and readable to 0.01 c.c., was used. 
This had a long tip, which was drawn out at the end so that it was pos-
sible to touch it to the surface of the solution in th.e cell after each addition 
of reagent; this insured that the reading on the burette really showed the 
quantity of reagent which had been added to the cell. There was negligible 
error due to diffusion fro,m the finely drawn out tip, which was in contact 
with the cell liquid only an instant. 
It was found advisable to leave the conductivity cell in the bath dur-
ing the run, the burette was taken from its stand and the desired amount 
of reagent run into the cell. The tip of the burette was allowed to touch 
the surface of the liquid in th.e cell, the burette was replaced on its stand, 
the cell was shaken and the bridge reading taken. The new equilibrium 
is reached quickly. It is not necessary to shake the c.ell violently or for a 
long time. A :few twists are enough. Neither is it necessary to repeat the 
shaking and reading to be c.ertain that equilibrium is reached. 
CELL CONSTANT 
The cell constant was determined by using a N/50 KCl solution at 
25° C. Landoldt Bornstein (1923) give 138.65 as the value of the equiva-
lent conductivity of this solution. The dilution water which is used to 
make up this standard KCl solution should be th.e same as that used to 
dilute the solutions to be titrated. The cell constant :for the cell used in 
the experiments outlined was 0.2709, that is, the conductivities obtained 
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by the use of the cell are in each instance multiplied by 0.2709 to give the 
specific conductivity, i. e., the conductivity of one centimeter cube of so-
lution. 
The cell should be checked occasionally against a standard KCl solu-
tion. If used carefully it will stay constant for a long time in the type of 
solutions used in these analyses. The constant did not change during the 
runs made in this work. The electrodes were occasionally saturated with 
hydrogen by making them the negative poles in a dilute sulfuric acid 
solution and connecting to two dry cells. This operation appeared to aid 
in keeping the null point sharp, but did not change the cell constant. 
The glass used in conductivity work should be fairly old, as new 
glass is much more soluble than old. 
PROCEDURE 
155 c.c. of water of a specific resistance of about 2 x 105 ohms were 
used. This is about the quality of water which is obtained upon distilla-
tion from pyrex glass apparatus. Quantitative studies showed that the 
exact value of the specific conductivity of the water used need not be known 
in this work, nor is it necessary for other workers to use water of the same 
specific conductivity as that which we used. In fact, a water of no higher 
conductivity than would be used by any reasonably careful worker, does 
not cause a sufficient error to vitiate the results. 
The desired amount of normal acid was placed in the conductivity 
fl.ask, to which were added 155 c.c. of dilution water from a calibrated nar-
row mouth fl.ask. This gave a solution from 0.0065 to 0.013 normal in acid. 
When the solution is titrated with normal alkali the effect of dilution upon 
the conductivity is small. Another reason for using such a large cell is 
the rather low concentration of acids in the distillate of some of our fer-
mentation mixtures. 
To run a complete curve, the bridge reading (A) was taken after each 
A 
addition of alkali, fr-0m tables of ---- , the specific conductivity, 
1000-A 
A K 
S=---
1000-A R 
K = 2.709 X 10-1 =cell constant 
R = Standard resistance 
S = Specific conductivity 
In the ordinary analysis it is not necessary to take many points before 
the end-point. In fact, it is not advisable to do so as normal ammonium 
hydroxide loses strength rather quickly when exposed to the air. The 
initial reading should be accurately determined, as it is from this reading 
that the specific conductivity of the acids is calculated. Usually the oper-
ator will know the total acid concentration from a previous titration so the 
ammonium hydroxide can be run in rather quickly to this point, then 
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added 0.05 c.c. at a time until two readings check. This constant reading 
is used to calculate the specific conductivity of the salt. In case the 
operator does not know the total acid concentration it is necessary to run 
in the alkali about 0.02 c.c. at a time until the end-point is nearly reached 
and then 0.01 c.c. at a time until the bridge readings become constant. The 
end-point may be obtained in either of two ways. The values obtained may 
be plotted, sp.ecific conductivities against cubic centimeters of alkali added, 
then by extending the ascending and horizontal lines a point of intersec-
tion (see figure 4) will be obtained, which gives the number of cubic centi-
m.eters of normal a cid. The extended lines referred to above are shown 
by the broken lines, whose intersection gives the end-point. This method 
has several disadvantages. First, it is time consuming, second, it is easy 
to make a sufficient error in drawing the lines to affect the result by sev-
eral percent, and lastly, the end-point obtained, even if the work has been 
carefully carried out, is not the true equival.ence point. Eastman 1925.) 
A second method gives more satisfactory results and requires much less 
time. If the total number of cubic centimeters of normal ammonium 
hydroxid.e which must be added before the conductivity becomes constant 
is divided by the factor 1.06 the result gives the number of cubic centi-
meters of normal acid originally present in the solution. This value, 1.06 
was obtained by running a number of neutralization curves on various 
acid solutions of known composition and noting the quantity of normal 
ammonium hydroxide which must be added before the conductivity be-
came constant. This value, 1.06, is applicable only in the range of con-
centrations with which we are working. The relationship between equiva-
lence and the quantity of ammonium hydroxide which must be added be-
fore the conductivity becomes constant was discussed before in the section 
on theory. 
FACTORS INFLUENCING ACCURACY OF DATA 
The specific conductivity of a solution can be easily determined with a 
degree of accuracy greater than is necessary for quantitative work here 
outlined. The errors, other than those incid.ental to any quantitative pro-
cedure, are due to instability of reagents and to the presence of substances 
in the solution which affect the conductivity 0th.er than those substances 
being analyzed. We were able to check results repeatedly over intervals 
of several months using the same standard normal ammonium hydroxide. 
This was made up in quantities of several liters, and was kept stoppered at 
all times except when it was necessary to allow some air to enter so that 
the alkali could run out. The solution became somewhat clouded, but its 
strength did not change enough to affect the results. 
The specific conductivity when the alkali has been added to a constant 
value includes the dilution effect due to the addition of the water with the 
alkali. Evidently the particular final values given in our tables apply only 
for the use of 1 N alkali. If weaker concentrations were used the values 
would be less than those given above. The relatively strong alkali was 
used in order to minimize this dilution effect. 
It was previously noted that the cell constant was derived in such a 
way as to correct for the particular water used, that is, for water distilled 
from pyrex. Water of the above quality was kept for a month in a tin 
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container with a loose cover. During this time there was not sufficient 
change in the specific conductivity to affect results to an appreciable de-
gree with the equipment used. \Vater that has been exposed to the air 
will produce an appreciable error. However, if ordinary care is used in 
following the procedure errors will not be great enough to affect analytical 
results. 
V. EXPERIMENTAL RESULTS 
In Table 3 were given data for the conductometric titration of formic 
acid, acetic acid, and a mixture of the two acids, at 0.00641 N. Later it 
was proposed to use the total change in specific conductivity on the addi-
tion of 1 N ammonium hydroxide as a basis for analysis. In Table 4 
are found data of this type for mixtures of the two acids at various con-
centrations from 0.00641 N-0.01274 N. The data are plotted in Figures 
5 and 6. 
The data from Table 4 are likewise plotted on the three way Diagram 1. 
The vertical planes ABC D, EFG H, I J KL, MN 0 P, and QR ST 
represent as ordinates the total changes in specific conductivity and as 
abscissae the percent of total acid as acetic acid in the mixture of the 
formic and acetic acids. These planes represent the same curves as shown 
in Figure 5. The concentrations for these planes are 1.00, 1.25, 1.50, 1.75 
and 2.00 or N acid added to 155 c.c. of water representing 0.00641 N, 
0.00800 N, 0.00959 N, 0.01116 N and 0.01274 N, respectively. Each profile 
TABLE 4. Total change in specific conductivity on titration of mixtures of formic 
and acetic acids with 1 N ammonium hydroxide 
c.c. of N acid added to 
155 c.c. water 
CH,COOH I HCOOH 
2.00 0.00 
1.50 0.50 
1.00 1.00 
0.50 1.50 
0.00 2.00 
1.75 0.00 
1.25 0.50 
0.85 0.90 
0.50 1.25 
0.00 1.75 
Pct. of total 
normality 
CH,COOH I HCOOH 
100 0.00 
75.0 25.00 
50.0 50.0 
25.0 75.0 
0.00 100 
100 0.00 
71.42 28.58 
49.76 50.24 
28.58 71.42 
0.00 100 
1.50 o-:-o_o __ -100 0.00 
1.20 0.30 80.0 20.0 
0.75 0.75 50.0 50.0 
0.30 1.20 20.0 80.0 
0.00 1.50 0.00 100 
1.25 0.00 100--I 0.00 
1.00 0.25 80.0 20.0 
0.60 0.65 48.0 52.0 
0.25 1.00 20.0 80.0 
0.00 1.25 0.00 100 
1.00 0.00 100 6~ 
0.75 0.25 75.0 25.0 
0.50 0.50 50.0 50.0 
0.25 0.75 25.0 75.0 
0.00 1.00 I 0.00 I 100 
Normal-
ity 
0.01274 
" 
" 
" 
" 
0.01116 
" 
" 
" 
" 
I Total change in sp. cond. x 104 
11.273 
10.472 
9.883 
9.427 
9.030 
10.059 
9.027 
8.496 
8.077 
I 7.639 0.00959 ___ 8-:589 __ 
" 7.885 
" 
7.107 
" 
6.612 
" 
6.336 
---
0.00800 7.152 
" 
6.431 
" 
5.760 
" 
5.305 
" 
5.003 
------· 5.642--0.00641 
" 
4.972 
" 
4.452 
" 4.042 
" I 3.714 
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plane represents the same ratio of acids, but different total acid composi-
tion, that is, the mol fraction is a constant for each plane, but the swn of 
the c.c. N acids varies from one to two. The profile plane on the left, 
AQTD, shows the total changes in specific conductivities of different con-
centrations of pure formic acid. The profile plane on the right, BRSC, 
refers to pure acetic acid. The profile planes between the above two rep-
resent different mixtures as indicated. For example, a plane parallel to 
the above two and midway between them would show the total changes 
in the specific conductivities of mixtures of the two acids in which the 
quantities of each are equal. 
On the horizontal plane, ABRQ, the Z axis represents the total quan-
tity of normal acid present, the X axis the ratio of the two acids. 
The use of three component diagrams would seem to deserve wider 
use than it has received in cases where it is not possible to derive simple 
equations or where equations are derived with certain assumptions which 
may not be fully legitimate. The diagram is constructed from a number 
of points which are determined experimentally, each curve being deter-
mined by these points, so that no assumptions are made in its construction. 
The diagram proposed may be criticized on the grounds that it is not 
drawn to scale, that in the front planes ten centimeters represents only 
1.00 cubic centimeter of total normal acid, while in the rear planes it repre-
sents 2.00 cubic centimeters. While it is true that the diagram does not 
give as good a picture of the actual conditions as one drawn to scale by 
making the X axis of the front plane half the length of the corresponding 
axis of the rear plane, such diagrams are more difficult to read than the 
one given. Furthermore, no assumption, and therefore no error, has been 
made in its construction. Each profile plane represents a certain mol 
fraction, each vertical plane a certain total acid composition and the hori-
zontal plane has its values clearly marked so that each datum plotted has 
the significance indicated in Table 4. 1 
VI. THE USE OF THE CURVES AND DIAGRAM 
The detailed procedure may best be illustrated by an example. It was 
found that 9.95 c.c. of a solution known to contain only formic acid and 
acetic acid required 1.20 c.c. of 1.159 N sodium hydroxide for neutraliza-
tion with phenolphthalein as indicator, the acid being then 0.1399 N. 
There would be required 10.73 c.c. of the acid mixture to be equivalent to 
1.50 c.c. N. This quantity was chosen because the curve for this strength 
is in the center of the range used and a slight error in dilution gives the 
minimum experimental error. The 10.73 c.c. of the acid solution were 
placed in the conductivity cell and 145.80 c.c. of dilution water making 
the total volume 156.5 c.c. on which the curve was based. The specific con-
ductivity of this solution was 2.527 X 10-4• It was found that 1.59 c.c. of 
N/1 ammonium hydroxide were required to just reach a constant value of 
specific conductivity, in this case 10.412 X 10-4, whence the total change 
in specific conductivity was 7.885 X 10-•. Dividing the value 1.59 c.c. by 
the factor 1.06 mentioned above showed the solution to contain the required 
1.50 c.c. of N acid. 
To locate the position of the solution on the diagram mark off on the 
horizontal edge of a card the distance, Aa, representing the value 
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7.885 X 10-4 found for the total change in specific conductivity. Slide 
the lower horizontal edge of the card along the 1.50 c.c. line, ed, until the 
length marked off on the edge of the card corresponds to the length, Ed, 
on the curve for this total concentration. The card intersects the plane 
A B R Q at the point d representing the co,mposition of the solution whi~h 
can be read on the diagram. In the example given, the mixture consisted 
of 80% acetic acid and 20% formic acid. The original solution was, 
therefore, 0.80 X 0.1399 = 0.1112 N with respect to acetic acid and 
0.20 X 0.1399 = 0.0279 N with respect to formic acid. 
The same conclusions as the a:bove would be reached by the direct use 
of curve 17 in Figure 5. In fact, the curves in Fig. 5 can be used directly 
for solutions in which the exact concentrations are used for which the 
curves were derived. The use of the diagram is, however, not limited to 
the five exact concentrations plotted since on the Z axis, B R may be read 
the total changes in specific conductivity for intermediate concentrations. 
For example, let us assume that 10.00 c.c. of the solution discussed above 
were used instead of the 10.73 c.c. required to represent 1.5 c.c. of N. acid 
and the following data were obtained, 
Initial specific conductivity = 2.401 X 10-4 
Final specific conductivity= 9.645 X 10-4 
Total change in specific conductivity= 7.244 X 10-4 
1.47 c.c. of lN, ammonium hydroxide were required to bring the specific 
conductivity to a constant value. 
1.47/1.06=1.39 as the number of c.c. of N acid present in the 156.5 c.c. 
The composition is read as previously along the line fj to jr, to rv again 
giving the compositions of 80% acetic acid and 20% formic acid. This 
was done on the assumption that each point on the 1.39 c.c. curve occu-
pies a position 14/25 of the distance between the 1.25 c.c. curve and the 
1.50 c.c. curve. While this assumption is not absolutely correct, devia-
tions were found to be within the usual experimental error of the method. 
VIL SUMMARY 
A method has been developed for the analysis of a mixture of formic 
acid and acetic acid in solution. The procedure is based on the fact that 
on the addition of the weak base, ammonium hydroxide, the specific con-
ductivity at first increases and then reaches a constant value. The dif-
ference between the initial and final constant value of the specific conduc-
tivity is a function of the ratio of the concentrations of the two acids at a 
given total normality. A three way diagram has been constructed and its 
use explained in the analysis. The detailed method is accurately appli-
cable to solutions or distillates known to contain only formic and acetic 
acids. The principles involved are being extended to other mixtures. 
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SOME CORRELATIONS OF CONSTITUTION WITH SWEET TASTE 
IN THE FURAN SERIE:S1 
BY HENRY GILMAN AND AMIOT P. HEWLETT 
From the Chemical Laboratory of Iowa State College 
Accepted for publication July 11, 1929. 
There is a need for synthetic sweetening agents. Perhaps the best 
known compound of this type is saccharin. Others like dulcin are also 
used. The sweetest comp-0und so far described is the anti-oxime of perilla 
aldehyde2 • This compound is 2,000 times sweeter than cane sugar. Its struc-
ture is not definitely known. The most interesting fact concerning this 
compound, from a stereo-chemical viewpoint, is that its syn form is taste-
less. In connection with the present studies it is also interesting to note 
that although nitriles, in general8, have a sweeter taste than the corre-
sponding oximes, perilla nitrile is only 200 tim€S sweeter than cane sugar. 
Essentially no study has been made of taste and constitution in the 
furan series. Furonitrile has been listed3 as ·having a sweetish taste and 
furylalanine as being very sweet. Kanao4 synthesized a number of nitro 
alcohols of the furan series by condensation of furfural with nitro-paraffins 
and reported that they had a sweet taste. 
Hill and Sylvester5 atte,mpted, without success, the preparation of the 
furan analogue of saccharin: namely, furoic sulfinide. A part of the 
work descri1bed at this time is patterned after dulcin6• However, the com-
pounds which gave the sweetest taste are furonitrile and furylacrylonitrile. 
The former is 100 times sweeter than sugar and the latter 200 times 
sweeter than sugar. Attention is directed in the Experimental Part to a 
miscellany -0f correlations between sweet taste and constitution of other 
furan types. Also, a check or reference method is described for the de-
termination of the relative sweetness of co;mpounds. 
'This is one of a series of studies in organic chemistry concerned with the utilization 
of agricultural wastes. The authors gratefully acknowledge assistance from the 
Industrial Science Research Fund for the defrayal of expenses incurred in this in-
vestigation. 
'Furukawa, J. Tokyo Chem. Soc., 41, 726 (1920). C . .&. 15, 1145 (1921). 
'General r eferences to taste and constitution may be found in the excellent books by 
G. Cohn entitled "Die organischen Geschmackstoff" (Berlin, 1914) and "Gesch-
mack und Konstitution" (Berlin, 1915). See, also, the interesting chapter on 
taste and constitution in Fraenkel, "Die Arzneimittel-Synthese ". Some recent 
articles are by Oertley and Meyers, J . .&m. Chem. So., 41, 855 (1919); Magidson 
and Gorbachov, Ber., 56B, 1810 (1923); and Dox and Jones, J . .&m. Chem. Soc., 
so, 2033 (1928). 
'Kanao, J. Pharm. Soc. Japan No. 550, 1019 (1927). C . .&., 22, 1588 (1928). 
'Hill and Sylvester, .&m. Chem. J. 32, 185 (1907). 
"Leading ref erences to the effect of alteration of the dulcin molecule on taste may be 
tracea back from the recent article by Lorang, Rec. trav. chim., 47, 179 (1928). See 
also, Ref. 3. 
[27] 
28 HENRY GILMAN AND AMIOT P. HEWLETT 
EXPERIMENTAL PART 
1. Furfuryl Urea 
FURFURALDOXIME, C4H 30CH =NOH. The method of Gold-
schmidt7 was used. A solution of 31.4 g. (0.78 mole) of sodium hydroxide 
in 100 c.c. of water was added to 11 g. ( 0.16 mole) of hydroxylamine hydro-
chloride in 50 c.c. of water. Teng. (0.104 mole) of furfural was added to 
this solution, and after standing for 12 hours the mixture was almost 
neutralized with hydrochloric acid and then saturated with carbon dioxide. 
The ether layer obtained by extraction of this mixture was separated; 
dried over anhydrous sodium carbonate; filtered; and then the ether was 
removed by distillation, leaving an oily residue which crystallized on stand-
ing. It melted at 50-60°, and was evidently a mixture of the two forms 
of the oxime. A small quantity of the anti-oxi,me, melting at 73°, was 
secured by recrystallizing several times from petroleum ether. 
The larger portion of the mixture was converted entirely to the syn-
form, which melts at 89°. This was done by dissolving the oxime in dry 
ether and saturating with hydrogen chloride gas, which precipitated the 
oxime as the hydrochloride. This was filtered, washed with ether, placed 
in a flask and covered with ether. To this mixture a saturated solution of 
sodium carbonate was added cautiously to an alkaline reaction. The ether 
layer was removed, dried, and then most of the ether was distilled off, leav-
ing a residue which when crystallized from petroleum ether melted at 89°. 
The yield was 8.6 g. or 75%. 
FURFURYL AMINE, C4H20CH2NH2. To 10 g. (0.105 mole) of the 
oxime in 200 c.c. of absolute alcohol warmed to 50° under reflux, 40 g. 
(1.7 atom) of sodi.u,m was added in small pieces as rapidly as reaction 
would permit. The mixture was then allowed to cool, and the reaction 
product was dissolved in water. After making distinctly acid with 10% 
sulfuric acid, thi:l alcohol was removed by distillation under reduced pres-
sure. The residue was made alkaline by adding solid sodium hydroxide, 
and the ether extract of the base was dried over calcium chloride and dis-
tilled. The furfuryl amine woo obtained as a stable, colorless liquid, of 
an extremely offensive odor. It distilled at 145° at atmosplieric pressure 
and at 70° /7 mm. The yield was 3.5 g. or 40%. It is readily converted 
to its hydrochloride by precipitation from an ether solution by dry hydro-
gen chloride. 
FURFURYL UREA, C4H30CH2NHCONH2. An unsuccessful at-
tempt was made to prepare the pure urea in accordance with the method 
of Berlinerblau8 for the synthesis of dulcin. A saturated solution of potas-
sium cyanate was added to an equimolecular saturated solution of furfuryl-
amine hydrochloride in water. No precipitate formed even after standing 
for some timi:l. The distinctly alkaline solution was extracted with ether, 
but on removal of the ether by evaporation only furfurylamine was re-
covered. 
On removal of the water from the solution by evaporation under re-
duced pressure, a white residue which rapidly became gummy remained. 
This was extracted with afoohol, and on evaporation of the alcohol white 
crystals were formed. These melted at 105°, but rapidly changed to a 
----
'Goldschmidt, Ber. 25, 2582 (1892). 
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gummy ;mass on standing. The compound, which may have been the de-
sired furfuryl urea, did not have a sweet taste. 
2. Phenyl-Furylmethyl Urea 
FURYL PHENYL KETONE, C4HaOCC6H 5. This ketone was syn-
~ 
thesized by the method of Marquis9• To 44 g. (0.42 mole) of anhydrous 
aluminum chloride, covered with benzene and contained in a round-bot-
tomed flask, was slowly added 40 g. (0.31 mole) of furoyl chloride dissolved 
in an equal volume of benz·ene. The reaction started when warmed to 50°, 
and when evolution of hydrogen chloride ceased the mixture was poured 
on to 500 g. of fine ice in order to decompose the complex. The benzene 
layer was separated, washed with sodium hydroxide, dried over calcium 
chloride, and distilled. The yield of furyl phenyl ketone boiling at 
175°/6 mm. was 44 g. or 85%. 
FUROYL CHLORIDE, C4H30COC1. The furoyl chloride was pre-
pared from 1.5 moles of thionyl chloride in 500 c.c. of dry benzene and 
96 g. (one mole) of furoic acid. After refluxing for 12 hours, the mixture 
was filtered and distilled, the acid chloride being obtained in a 97.5 g. or 
75% yield as a colorless liquid boiling at 176°. It is quite stable when pure, 
and is very disagreeable to work with 1because of its pronounced lachry-
matory properties, which will be reported later with related studies. 
OXIME of FURYL PHENYL KETONE. This was also prepared by 
the method of Marquis9 from 10 g. of ketone in 200 c.c. of alcohol and 6 g. of 
hydroxylamine hydrochloride in 50 c.c. of water. After making the mix-
ture alkaline by the addition of 6 g. of sodium hydroxide in 10 c.c. of 
water, it was allowed to stand for 24 hours; diluted to a total volume of 2 
liters; and acidified with acetic acid to precipitate the oxi,me. When fil-
tered, dried and crystallized from ether it melted at 132-133°, and the 
yield was 9.7 g. or 90%. The oxime is without sweet taste. 
FURYL-PHENYL-METHYLAMINE, (CJlaO) (CsH5)CHNH2. To 10 
g. (0.054 mole) of the oxime in 200 c.c. of absolute alcohol heated to re-
flux, was added 40 g. (1.7 atoms) of sodium in small pieces as rapidly as 
the reaction would permit. The product obtained on cooling was dissolved 
in water and made acid with 10% sulfuric acid. The residue obtained, 
after removal of alcohol by distillation under reduced pressure, was made 
alkaline with solid sodium hydroxide. The ether extract of this was dried 
over calcium chloride and distilled to yield 5.5 g. or 60% of the amine 
boiling at 144-145° /17 mm. Marquis9 gives the boiling point as 
167 -168° /43-44 mm. The amine was identified as the acetyl derivative 
which melted at 127°. The known amine hydrochloride was prepared in 
the usual manner by precipitation from an ether solution with hydrogen 
chloride. 
FURYL-PHENYL-METHYLUREA, (C4H 30) (C6H 5 )CHNHCONH2. 
The urea was prepared by Berlinerblau 's8 method by adding a saturated 
solution of potassium cyanate to the amine hydrochloride. The white pre-
cipitate which formed immediately was filtered, dried, and crystallized 
'Berlinerblau, J. prakt. chem., (2) 30, 103 (1884). 
•Marquis, Ann. chim. phys., (8), 4, 276 (1905). 
30 HEN RY GILMAN AND AMIOT P. HEWLETT 
from alcohol. It melted at 80°, had a ·bitter, acrid taste and was not at 
all sweet. It decomposes on standing, evolving ammonia and leaving a 
brownish insoluble substance. Unfortunately, no analysis of it was made 
because of its apparent instability. 
3. Furyl-p-Phenetyl-M ethylurea 
FURYL-p-PHENETYL KETONE. This ketone was prepared in ac-
cordance with the method previously given in this paper for thp prepara-
tion of fury.I phenyl ketone, from furoyl chloride, phenetole and aluminum 
chloride in carbon disulfide. It disti'lled at 220° /25 mm. and melted at 70°. 
When oxidized with neutral potassium permanganate it gave p-ethoxy-
benzoic acid, melting at 195°. 
Anaylsis. Calcd. for C1all120 3 : C, 72.22, H, 5.55. Found: C, 72.02; 
H, 5.62%. 
OXIME of FURYL p-PHENETYL KETONE (C4H 30) (p-C2H5006-
H4) C =NOH. This oxime was synthesized in the customary manner from 
the ketone and hydroxylamine hydrochloride. It melted at 145° and was 
obtained in an 80% yield. It was without sweet taste. 
Analysis: Calcd. for C13H 130 3N: C, 67.53; H, 5.62. Found: C, 
67.99%; H, 5.78%. 
FURYL-p-PHENETYL-METHYLAMINE, (C4H 30) (p-C2H5006H4) 
CHNH2. The method used for the attempted preparation of this pure 
amine was the reduction ·Of the oxime by sodium and alcohol. The yield of 
product was '1ow, 0.95 g. or a:bout 10% of the amine being obtained from 
10 g. of the oxime. No attempt was made to distill the unstaible amine. In-
stead, its hydrochloride was formed by adding hydrogen chloride to an 
ether 1solution of the supposed amine. The hydrochloride was also unstable, 
decomposition setting in immediately on air exposure resulting subse-
quently in the formation of a rubber-like mass which finally became very 
brittle. 
FURYL-p-PHENETYL-METHYLUREA.-Because of the instability 
of the amine and its hydrochloride, the latter was used immediately on its 
removal from ether. On addition of the probable amine hydrochloride to 
a saturated solution of the calculated quantity of potassium cyanate, a 
white precipitate formed. This compound, which may have been the 
desired urea, was practically tasteless, and had no sweet taste. It under-
went decomposition on standing, with the evolution of ammonia. Partial 
decomposition took place on crystallization from alcohol. No analysis 
was made. 
4. Furyl-p-Bromophenyl-M ethylurea 
FURYL p-BROMOPHENYL KETONE, (CJisO) (p-BrCoH4)C:-O. 
This ketone was prepared from furoyl chloride, bromobenzene and alum-
inum <:ihloride in carbon disulfide. The yield of ketone distilling at 175-
1770 / 7 mm. was 49%. When oxidized it gave p-bromobenzoic acid, melting 
at 250°. 
Analysis. Calcd. for C11H 70 2Br: Br, 32.22. Found: Br, 32.12 and 
32.08%. 
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OXIME OF FURYL p-BROMOPHENYL KETONE, (C4H30) (p-
BrC6H4) C=NOH.-The yield of oxime from 10 g. of the ketone was 10 g 
or 94%. It melted at 122°, and was without sweet taste. 
Analysis. Calcd. for C11H 80 2NBr: Br, 30.42. Found: Br, 30.30%. 
FURYL-p-BROMOPHENYL-METHYLAMINE. The oxime when 
reduced in the previously described manner with sodium and alcohol, gave 
a poor yield of a heavy oil which was probably the amine. Like some other 
amines reported in this study it darkened immediately and decomposed 
to a black, apparently intractable mass. It wa:s immediately converted to 
the hydrochloride in the a,ttempted synthesis of the related urea, even 
though the hydrochloride underwent apparent rapid decomposition with 
the liberation of hydrochloric acid. 
FURYL-p-BROMOPHENYL-METHYLUREA.-The usual reaction 
between the amine-hydrochloride and potassium cyanate gave a colorless 
solid, which soon decomposed with the liberation of ammonia. The com-
pound was taste'less, and a Beilstein test showed halogen to be present. No 
analysis was made. 
5. Omega-Furyl-Allyl Urea, C4HaOCH=CHCH2NHCONH2 
OXIME of FURYLACROLEIN, C4H 30CH=CHCH=NOH. The 
oxime, melting at 124°, was obtained in a 75% yield (10.3g.) from 12.2 
g. of the ketone.10 This oxime has a very slight sweet taste, but less than 
that of the oximes of furfural. 
FURYL-ALLYL AMINE, C4H30CH=CHCH2NH2. This unstable 
amine was obtained in a poor yield by the sodium alcohol reduction of 
the corresponding oxime. It was converted immediately to the hydro-
chloride which was used in the attempted preparation of the urea. 
Again, this particular urea was found to be unstable. It is slightly 
soluble and without a sweet taste. 
6. Furylacrylonitrile 
FURYLACRYLOYL CHLORIDE, C4H 30CH = CHCOCl. This acid 
chloride was prepared by the method used for furoyl chloride. A solution 
of 1.5 moles of thionyl chloride in 500 cc. of benzene was added to 138 g. 
(one mole) of solid furylacrylic acid. After refluxing for 3 hours, the 
benzene was distilled off, and the acid chloride distilled in a vacuum (water-
pump) at 145° /30mm. The yield was 141 g. or 90%. · It apparently can 
be kept indefinitely in an ice-box, and undergoes but slight decomposition 
when sealed up in a pure condition. 
FURYLACRYLAMIDE, C4H 30GH=CHCONH2. In a 0.1 mole run 
a 90% yield of amide,11 melting at 168°, was obtained by saturating an 
ether solution of the acid chloride with ammonia gas. 
FURLY ACRYLONITRILE, C4H 3 0CH=CHCN. The synthesis was 
carried out in accordance with the preparation of furoniitrile described later 
in this study. However, on warming the mixture of amide and phosphorus 
pentachloride, a vigorous decomposition took place. Instead of a distilla-
10This oxime was prepared previously by Konig, Ber., 58B, 2559 (1925). 
11Rinkes, Rec. trav. chim., 39, 201 (1921). 
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tion, the tarry mass was extracted with ether to obtain the nitrile which 
was identifi.ed by hydrolysis to furylacrylic acid, the identity of which 
was confirmed by a mixed melting point determination with an authentic 
specimen. 
Analysis. Calcd. for C7H 50N: N, 11.79. Found N, 11.89 and 11.57%. 
Some orienting ·experiments were made to improve the yield. These 
involved the use of phosphorus pentoxide, zinc chloride, and acetic an-
hydride as dehydrating agents. Also, a mixture -0f zinc furylacrylate was 
heated with lead thiocyanate, but with indifferent success. 
Finally, it was foun.d that a 30% yield could be obtained from an intimate 
mixture (by shaking) of 2 moles of finely powdered phosphorus penta-
chloride and 1 mole of finely divided amide. Reaction sets in at room 
temperature and is accompanied by a charring of the mixture and an 
elevation in temperature. At this point, the flask should be placed in ice 
to guard against the temperature rise. After about 15 minutes, the mass 
is extracted with ether, and the ether solution is thoroughly washed with wa-
ter, dried and distilled. The nitrile boils at 100° /5 mm. and melts at 32°. 
After standing for a few days it darkens somewhat, and the melting point 
is d!lpressed. However, no deep-seated decomposition appears to take place 
and the compound keeps fairly well. It remains colorless when kept in an 
ice-box. It was found that a saturated solution contains 0.31 % of the 
nitrile at 30°. 
7. Furonitrile, C4H 30CN 
FURAMIDE, C4H 30CONH2. The amide was prepared12 by saturating 
an ether solution of the acid chloride with ammonia. The solid which is 
filtered consists mainly of the amide, but contains appreciable quantities 
of ammonium chloride. The amide may be purified by crystallization from 
alcohol or benzene. The ether solution contains a small amount of amide 
which may be recovered by evaporation of the ether. The amide which 
melted at 142° was obtained in a 95% yield (10.5 g. fr-0m 13 g. of the 
acid chloride). 
The furonitrile was prepared from the amide by the method of 
Wallach13 in a 70% yield from a 0.1 mole run. A saturated solution at 
30° contains 31 % of the nitrile. 
METHOD OF TESTING SWEETNESS 
It has long been known that the sense perception of taste in individuals 
varies. We are aware of no standard method for tasting.14 When we say, 
for example, that saccharin is 675 times as sweet as cane sugar we mean 
that this is an average result based on many taste tests. In our tests 
involving the relative sweetness of compounds we used a very simple check 
13Ciamician and Dennstedt, Ber., 14, 1059 (1881). 
11 Wallach, Ann., 214, 288 (1882). 
14 The reader can get leading references in the standard works given in Footnote 3 of 
this paper. Perhaps one of the most accurate and satisfactory methods is described 
by Pauli, Biochem. Ztg., 125, 97 (1921); C. A., 16, 975 (1922). Another more 
recent method is by Willaman, Z. Ver d1nit. Zucherind. (1927) p. 365-7 (C. A., 22, 
1784 (1928)). 
SOME CORRELATIONS IN THE FURAN SERIES 33 
method which, so far as we know, is novel. In -0rder to make certain that 
there were no taste abnormalities in those who made the tests, and also 
in order to assure ourselves that we were making our comparative tests 
on a sound basis, we not only determined the relative sweetness of our 
compounds by comparing them with several standard sweet tasting com-
pounds, but also checked the known and approximate relative sweetness of 
the standards---0ne against the others. 
That is, -0ur compounds were compared not only with sugar but also 
with saccharin and dulcin. Furthermore, the saccharin and dulcin were 
cQillpared not only with sugar but also with each other. In this manner 
we obtained a series of cross checks which, with the known standards, 
agreed with the average results reported in the literature and so confirmed 
the correctness of our procedure. 
By code numbers and by -Occasionally rearranging the positions of 
the several samples, the experimenters who did the testing were quite 
ignorant of the solutions tested. A 2% sugar solution was used as a 
standard, and the nitrile solutions varied in concentration from 1 :3,000 
to 1 :50,000. 
On an actual gram weight basis, it was found that furylacrylonitrile 
was 200 times as sweet as sugar, 0.75 as sweet as dulcin, 0.33 as sweet as 
saccharin and twice as sweet as furon.itrile. The furonitrile was found 
to be 0.5 as sweet as furylacrylonitrile, 0.40 as sweet as dulcin and 0.15 
as sweet as saccharin. Dulcin was found to be 265 times as sweet as sugar 
and 0.39 as sweet as saccharin. Saccharin was found to be 675 times as 
sweet as sugar under our particular conditions. Each of the two furfur-
aldoximes was found to be 2.5 times as sweet as sugar, and this value was 
obtained by comparison with sugar only. 
None of these compounds has been tested for its physiological action 
on animals. Such tests will wait on the probability of securing sweeter 
tasting furan types. 
The authors wish to thank the Miner Laboratories of Chicago for 
liberal supplies of furfural, and J. Dickey and G. F. Wright for their 
assistance in evaluating the relative sweetness of the compounds prepared 
in this study. 
SUMMARY 
A study ·has been made of the relative sweetness of several furan 
compounds. It has been found that furylacrylonitrile, furonitrile and the 
furfuraldoximes are respectively 200, 100 and 2.5 times as sweet as sugar. 
A simple meth-0d is suggested for checking the reliability of technique in 
comparing the sweet taste of new compounds against standards like sugar, 
saccharin and dulcin. 
Ames, Iowa. 
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There is a need for furfural diacetate. In some of our studies we 
have found this compound extremely useful in direct substitution reactions 
(bromination, nitration, etc.) leading to the preparation of new and inter-
esting, and useful types2• 
Furfural diacetate was prepared previously by others. Law8, who 
first synthesized it, used catalytic acetylation methods, but gave no men-
tion of yields. Blanksma4 also recorded no yields. Knoevenag_el5, in a 
study of the relative catalytic action of several salts, prepared it in very 
small quantities (3 to 4 grams) in about 70% yields. The most recent 
method is that of Scheibler, Sotscheck and Friese6• After reviewing the 
earlier work of others, they elected to prepare •the diacetate by refluxing 
furfural with an excess of acetic anhydride and acetic acid. The 68% 
yield obtained by them (in a 0.78 mole run) is based on furfural. How-
ever, when based on acetic anhydride their yield is only 20%. 
In our work we wished to prepare the diacetate in reasonably large 
quantities and at a low cost. Our 4 mole runs (the largest reported) gave 
unifor,m yields in several preparations, and can undoubtedly be extended 
to even larger sized runs either with no i,mpairment of yield or in im-
proved yields. Furthermore, we saw no object in using a large excess of 
acetic anhydride. Other things being equal, sound economics demands 
that that chemical be used in excess which is least expensive. Furfural is 
the lowest priced aldehyde, and one of the lowest priced organic chemicals, 
and certainly distinctly lower in price than acetic anhydride. Accord-
ingly, we used practically equivalent quantities of furfural and of acetic 
anhydride. . By the application of Knoevenagel 's5 extremely small-scale 
catalytic methods we have consistently prepared the diacetate in 4 mole 
runs with yields of about 43%. This method of preparation is not only 
less expensive than others, but also more convenient. 
EXPERIMENTAL PART 
Three hundred and eighty-four grams (4.0 moles) of freshly distilled 
furfural, chilled to 0°, were added to 428 g. ( 4.2 moles) of acetic anhydride 
1This is one of a series of studies in organic chemistry concerned with the utilization of 
agricultural wastes. The authors gratefully acknowledge help from the Industrial 
Science Research Fund for the defrayal of expenses incurred in this investigation. 
'A preliminary account of some of these r eactions was presented at the Iowa Academy 
of Science Meeting held at Fairfield, Iowa, on April 27, 1929. 
'Law, Chem. Ztg., 32, 365 (1908). 
'Blanksma, Chem. W eekblad, 6, 717 (1909). 
'Knoevenagel, Ann., 402, 119 (1914). 
'Scheibler, Sotscheck and Friese, Be?". 57, 1443 (1924). 
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contained in a three-necked two-liter flask and chilled to -5°. One gram 
of stannous chloride dihydrate, SnC12.2H20 dissolved in the acetic anhy-
dride, was used as a catalyst. The addition of furfural was effected as 
rapidly as possible to the well-stirred solution, care being exercised that 
the temperature did not rise above -3°. 
After standing for 24 hours the reaction mixture was poured into 2 
liters of water and a sodium carbonate solution and ice were then added 
until coagulation of the oil was complete. After a few minutes the mix-
ture was filtered by suction. After drying the crystalline product over 
night (in a vacuum desiccator over sulfuric acid) it was distilled under 
reduced pressure. The fraction distilling at 138-144° /20 mm. weighed 
41 g. This is 43.1 % of the theoretical yield based on acetic anhydride. 
The compound as distilled in vacuo, melted at 52-53° 
The authors are grateful to the Miner Laboratories of Chicago for lib-
eral supplies of furfural. 
SUMMARY 
Improved directions are given for the convenient preparation of fur-
fura.l diacetate in reasonably large quantities. 
ANTISEPTIC HYPOCHLORITE BY ELECTROLYSIS 
BY R. L VAN PEURSEM, B. K. PosPISHUL AND W D. HARRIS* 
From the Department of Chemical Engineering, Iowa State College 
Accepted for publication, August 1, 1929. 
INTRODUCTION 
That sodium hypochlorite has antiseptic properties has been known for 
a long time-Eau de Javelle and Eau de Labarraque having been used 
for centuries. There has, however, been some controversy among medical 
men as to its practical efficiency as a germicide under ordinary first aid 
and hospital conditions. It was not until after the studies of Carrel and 
Dakin that sodium hypochlorite beca;me popular. Their studies showed 
that the concentration of sodium hypoclilorite must be exactly between 0.45 
and 0.50 per cent. Below 0.45 per cent the solution is not sufficiently active 
to be efficient as an antiseptic and above 0.50 per cent it becomes irritating. 
The solution must also be free from causticity. In the first Dakin solu-
tion the causticity was eliminated by the addition of boric acid. When 
this was later found to be irritating to wounds it was replaced by sodium 
bicarbonate. 
Sodium hypochlorite solution was formerly prepared by the reaction 
of sodium carbonate on a solution of bleaching powder. The bleach must 
be tested for available chlorine, the sodium carbonate must be pure, and 
the amounts of the materials must be balanced according to the available 
chlorine in the bleach. After the reaction is complete the solution must 
be filtered to take out the precipitate of calcium carbonate. At present 
the sodium hypochlorite solution is prepared by passing chlorine gas 
through a solution of sodium carbonate. With this method also, the amounts 
of chemicals must be accurately controlled. With either process the pre-
paration must be made by an expedenced man. 
The sodium hypochlorite solution upon standing loses its antiseptic 
value even if kept carefully stoppered in a dark bottle. In order to secure 
the best results the solution should be used at the time of preparation, when 
its strength is the greatest. Efforts to stabilize the solution have not been 
successful. The chlor-organic compounds are not now considered as effi-
cient. 
It is the general belief that gaseous chlorine has the same antiseptic 
effect as the hypochlorous acid radical fr0im Dakin's solution. There is, 
however, reason to believe that Dakin 's solution has different properties 
than ordinary chlorine. The chlorine from Dakin 's solution is available 
in a nascent state, which makes it more efficient. 
*A summary of research carried out in the Chemical Engineering Laboratories. Pre-
pared for publication by Lionel K. Arnold, Engineering Experiment Station, Iowa 
Stat e College. 
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Studies have been made of a method and apparatus to produce sodium 
hypochlorite solution of the proper concentration and pH value for anti-
septic uses. The object of these studies was to produce an apparatus which 
would provide the surgeon with freshly prepared Dakin 's solution of 
proper concentration and pH at a turn of a switch. It seemed evident that 
these conditions could be best obtained by some type of electrolytic cell. 
although electrolytic cells had not been used previously for this purpose. 
Hypochlorite for bleaching and other commercial purposes is made in 
electrolytic cells. I.t has been known since the patent of Charles Watt 
(English Patent No. 13755) that the following factors are necessary for a 
successful cell: (a) insoluble electrodes must be used in order to maintain 
an efficient cell; (b) no diaphragm is necessary; (c) a low temperature is 
necessary in order to prevent the formation of sodium chlorate; and ( d) 
there should be a rapid circulation of electrolyte from the cathode to the 
anode. The commercial cells use carbon electrodes, platinum electrodes, 
platinum iridium electrodes, and magnesium electrodes. 
EXPERIMENTAL 
One of the first electrolytic cells used had electrodes of platinum foil. 
The cathode was in the shape of a cylinder one inch in diameter and two 
inches high. The anode was % of an inch wide and about 4 inches long. 
It was placed within the cathode and extended almost the entire length of 
the main body of the cell. All connections within the cell were made of 
platinum. Current to operate the cell was supplied by a storage battery, 
which was kept charged with a battery charger. The amount of current 
was controlled by variable resistance and determined by an ammeter. A 
saturated salt solution was dropped from a dropping funnel into the cell. 
The salt solution used was prepared from chemically pure sodium chloride. 
Excess barium was removed with sodium carbonate and the solution made 
neutral to phenolphtalein with hydrochloric acid. The action of the cell 
is as follows: As soon as the salt solution enters the cell, electrolysis takes 
place. Chlorine gas is evolved at the anode, hydrogen at the cathode. The 
reactions are 
NaCl 
Na+H20 
2 NaOH+ Cl 
Na+Cl 
NaOH +H 
NaOCl +NaCl+ H20 
The first run, using a current of 0.4 amperes, produced a solution of 
0.179 per cent sodium hypochlorite. Since this is too weak for use as an 
antiseptic, several runs were made in an effort to increase the concentra-
tion. Cooling the cell with ice increased the concentration to 0.349, which 
was still too low. The addition of one per cent of the weight of sodium 
chloride in sodium chromate gave a concentration of 0.558 per cent, or 
more than necessary. By increasing the rate of feed and the current use. 
the concentration was increased. Since the solution prepared was alka-
line, boric acid was added to the salt solution before electrolysis to decrease 
the alkalinity. This had very little effect. 
A .series of runs over periods of 4 hours each was made to determine 
the variation in concentration with length of run. During the second hour 
the concentration increased. During the last two hours it decreased, prob-
ably due to the rise in temperature of the cell. A similar series of runs 
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with electrodes reversed gave practically identical results. A summary 
of these various results is given in Table 1. 
a 
Experimen fal C ell 
Fig. 1. Experimental outfit. 
Several other electrode materials were then tested. Nichrome elec-
trodes decomposed, forming a black precipitate. Tantalum electrodes were 
also tried. Since tantalum will pass a current only in one direction, it was 
used as a cathode. A carbon electrode was used as an anode. The tanta-
lum electrode disintegrated so rapidly that it was found to be impractical. 
Carbon electrodes were next tried in the cell. At first some trouble was 
caused by a dark colloidal precipitate which discolored the solution. After 
running for two hours this discoloration stopped; from then on no trouble 
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FIGURE II 
Automatic Apparatus. 
AN'l'l8EP'l'IC HYPOCHLORI'l'E BY ELECTROLYSIS 41 
FIGURE II 
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FIGURE III 
Details of Valve and Cell Construction. 
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FIGURE III 
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was experienced. The black precipitate was apparently due to impurities 
present in the carbon, which had been taken from an old dry cell. 
The apparatus for preparing Dakin 's solution shown in Figure 1 was 
constructed. A saturated solution of salt was prepared by allowing dis-
tilled water to filter through a bed of sodium chloride in the large glass 
funnel, a. The saturated salt solution ran through a rubber tube to the 
cell. A screw clamp was used to open and close the flow. At b a piece of 
glass tubing dra"\"Il to a capillary opening controlled the flow of the salt 
solution. The ce11 was made from one end of the jacket of a water con-
denser. The salt solution entered at c.· The electrodes, which are of car-
bon, are ate and f, f being the anode and e the cathode. The rubber stop-
pers g and h hold the electrodes in place. The outlet for the liquid is at j. 
Current was supplied by a storage battery, which was charged by a battery 
charger. The current was controlled by a slide wire resistance and deter-
mined by an ammeter. ' 
By placing the anode at the bottom of the cell the chlorine gas has a 
good chance to react with the sodium hydroxide that is formed at the 
cathode. The rate of flow is slow enough for this reaction to take place. 
The hydrogen evolved collects in the top of the cell. The increasing 
pressure of the hydrogen tends to force the liquid out intermittently. Due 
to the presence of the hydrogen the cell should be colored to keep out sun-
light. Hydrogen and chlorine combine in sunlight with explosive violence 
to form hydrogen chloride. Hydrogen also reacts with sodium hypochlorite 
as follows: 
NaOCl + H2 ------~ NaCl + H20 
The hydrogen was taken off through a glass tube surrounding the 
cathode. There was no change in the concentration of the hypochlorite 
formed so that the reaction apparently did not occur to any appreciable 
extent. The reaction occurs only with nascent hydrogen so it is desirable 
to maintain a high current density at the cathode. The hydrogen comes 
off with the solution and because of its high diffusion rate should cause 
better penetration of the wound. It is advisable to keep the NaOCl away 
from the anode as the hypochlorite is more readily electrolyzed than sodium 
chloride forming the chlorate. While the chlorate does no harm in the 
solution it is wasteful of current. A high current density at the anode 
tends to keep the hypochlorite ions away. 
The experimental results produced by this cell are tabulated in Table 
2. From these results it was decided that the rate of fl.ow through the cell 
should be 6 c.c. per minute when using 1.4 amperes. 
The improved automatic outfit shown in Figures 2 and 3 was de-
signed and built. The new cell used carbon electrodes of the design shown 
in Fig. 4. The anode was turned from a one-inch carbon rod in a lathe. 
The cathode was made with a hole to slip over the upper part of the 
anode. The space between was filled with insulating material. Several 
materials were tried. Sealing wax had been shown to be unsatisfactory 
on the previous electrodes. Tar was objectionable because of the yellow 
color it imparted to the solution. Paraffin melted after the cell had run 
awhile. The best results were obtained with mica and De Khotinsky 
cement. The anode rod was covered with several thin layers of mica and 
46 R, L. VAN PEURSEM, B. K. POSPISHUL AND W. D. HARRIS 
Cro.:u .5ecf1on o,~ Co,nmerc10/ Cell 
Dedrodo~ 
forced into the cathode. Hot cement 
was then poured in between the two 
electrodes. The cell · container was 
made entirely of glass with an inlet 
for the salt solution at the bottom. 
The side arm outlet contained a U 
bend to insure complete absorption 
of the chlorine gas. The top of the 
cell was open to take the electrodes, 
which were sealed in a rubber stop-
per. 
The cell, without electrodes and 
with outlet arm closed, held 75 c.c. 
of the liquid. Below the outlet arm 
the capacity is 50 c.c. without elec-
trodes and 37 c.c. with the electrodes 
inserted. 
Current was supplied directly by 
a Balkite rectifying unit without us-
ing the storage battery. A dry charg-
ing unit would be more convenient. 
The current was controlled by a rheo-
stat. The rate of flow of the satur-
ated solution from the salt reservoir 
was controlled by a glass pet cock. 
Fig. 4. Cross section of co=ercial cell The salt solution was also passed 
electrodes. through an automatic valve connected 
in such a manner that when the cur-
rent to the cell was turned on the valve would open and allow the salt 
solution to flow to the cell. With the current and flow of liquid synchron-
ized it was only necessary to turn one switch in order to start the ap-
paratus to working. All parts of the apparatus except the salt saturator 
may be placed in a container approximately 6 by 12 by 7 inches. 
Tests on this cell showed that with a current of 1.4 amperes and a flow 
of 6 c.c. per minutes that after the first ten minutes of operation the con-
centration of Dakin 's solution was well within the desired limits. Tests 
for alkalinity with dry phenolphthalein showed no signs of sodium hydrox-
ide. The data from these tests is given in Table 2. 
Another series of runs was made with a constant rate of flow but with 
varying current so as to show the relation between concentration and cur-
rent. These data are given in Figure 5. It accounts for the low concen-
tration. 
CONCLUSION 
An automatic electrolytic apparatus for the production of Dakin's 
solution of the proper concentration and pH value for surgical use has 
been designed, constructed and tested. In the solution produced, both 
boric acid and sodium bicarbonate have been left out since these are not 
necessary to adjust the pH value. The apparatus described will enable 
the surgeon to have Dakin 's solution of the approved concentration by 
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merely turning a switch. The apparatus used experimentally is adequate 
for office and portable use. Larger apparatus can be designed for hospital 
use. 
There are various ways of using the cell. In case of an accident, for 
example, when the patient is brought in the machine could be started and 
the solution used for sterilizing the doctors' and nurses' hands. The 
solution could then be allowed to drip onto the wound. . If desired, the 
solution could be allowed to run onto the wound while the operation was 
in progress. The open wound could be irrigated by allowing the solution 
to drip on it as long as desired. During the World War Dakin's solution 
was allowed to drip onto wounds for as long as 48 hours. 
In the home a small cell could be wired in permanently. A portable 
set could be carried by a physician in his car. It could be connected di-
rectly to the regular house lighting system. Where no electricity was avail-
able the cell could be operated directly from the storage battery of the 
physician's car by the installation of suitable wiring. If it were desired 
to leave it in the home it could be connected to a car or radio storage 
battery. 
For so.me purposes it might be desirable to produce Dakin 's solution 
containing enough sodium chloride to make it isotonic with blood serum. 
An isotonic sodium chloride solution has a concentration of approximately 
0.9 per cent sodium chloride. It should be possible to supply the cell with 
sodium chloride solution of such a concentration that it would deliver 
sodium hypochlorite of the proper concentration with sufficient sodium 
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Oximes, 27. 
Paraisotricha, 360. 
P. beclceri, 363, 383. 
colpoidea, 363, 381, 411. 
minuta, 363, 383. 
key to species, 381. 
Parasites, 215. 
injurious, 217. 
Parasite, specialized, 254. 
Paris daisy, crowngall of, 263. 
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Partition coefficient, 463 . 
constant, 460, 461. 
Penicillium roqueforti, 465. 
Peptonizers, acid, 189, 190. 
neutral, 189, 190, 191. 
Perilla aldehyde, 27. 
nitrite, 27. 
Phenolphthalein, 38. 
Phenyl-furylmethyl urea, 29. 
Phosphorus deficiencies in soil, 425. 
Pigeon fly and pigeon malaria in Iowa, 
253. 
control of, 256. 
Platinum chloride, reduction by, 2. 
Plant substances, conversion of, 216. 
Plasmadroma, 365. 
Plecoptera, order, 65. 
Polygonum ampliibium socies, 55, 172, 
174. 
Polymastigina, 367. 
Polymorpha ampulla, 363, 379. 
Potassium permanganate, reduction of, 2. 
Potentiometric method, 437. 
Prairie, 53. 
true, 53. 
sub-climax, 53. 
mixed, 55. 
studies of insect fauna of Iowa, 49. 
Properties of starch with relation to time 
of formation of starch gels, 441. 
Propionic-acetic, 460, 461. 
Propionic acid, 462, 463. 
Prorodonopsis coli, 375. 
composita, 375. 
Protease, 465. 
digestion of casein by, 470. 
experiments to test activity, 470. 
production of, 468. 
Protomonadina, 366. 
Protozoa, 215, 216. 
entozoic, 215. 
effect on pH, putrefaction, 233. 
method of studying living, 362. 
staining, 362. 
Pseudolynchia maura (Bigot), 253, 254. 
Pseudomonas tumefaciens, Sm. and Town, 
263. 
hosts of, 270. 
Puparia, pigeon fly, 255. 
Pyrethum, for control of pigeon flies, 256. 
powder, 256. 
soap, 256. 
Quinhydrone electrode, 467. 
Rheum rhaponticum L., 315. 
Rhizopoda, 365, 411. 
Roquefort cheese, 465. 
Rumex crispus L., 315. 
Ruminants, domestic, 215. 
protein requirements of, 216. 
Rumen infusoria, 215. 
non-infusorian life of, 227. 
Saccharin, 27, 33. 
Schizomycetes, 215. 
reduction of, 217. 
Silica gel medium, 426, 427. 
Spartina consocies, 54, 171, 173. 
Socies 
Carex, 54, 172. 
Polygonum amphiMum, 55. 
Sodium hypochlorite, 37, 47, 48. 
bicarbonate, 37. 
chloride, 38, 47, 48. 
chromate, 38. 
Spirodinium equi, 363, 400, 411. 
Standards for colorimetric measurements 
of pH, 437. 
Starch gels, 441. 
Starch suspensions, 442. 
effect of concentration and tempera-
ture upon, 443. 
Steam distillation, 3. 
Stipa-Bouteloua formation, 53. 
association, 55. 
Stipa-Koeleria association, 53. 
Stipa spartear-Andropogon scoparius as-
sociation, 168, 173. 
StreptococC'lis lactis, 189. 
Stomatea, key to sections, 368. 
Suctoria, 362, 411. 
Starch, 441. 
Studies of crowngall, overgrowths and 
hairyroot on apple nursery stock, 263. 
Studies on the insect fauna of Iowa 
prairies, 49. 
Studies on nitrogen fixation in some Iowa 
soils, 425. 
Sucrose, inversion of, 452. 
Sulfuric acid, 36. 
decomposition by, 3. 
Symbionts, 215. 
Syneresis, 441, 442, 443, 447, 449. 
effect of salts on, 448, 449. 
of starch gels, 446, 447, 448. 
Sweetnes, methods of testing, 32, 33. 
Tantalum electrodes, used as cathodes, 
39. 
Tetratoxum, 361. 
key to species, 403. 
T. excavatum, 363, 404. 
parvum, 363, 405. 
unifasciculatum, 363, 403, 411. 
Tysanoptera, order, 65. 
Titrations of carbonates, 434. 
Titration, conductometric, 1. 
Tomla cremoris, 196, 197, 210. 
Trees, apple, budded and grafted, 264, 
265. 
Trichomonadidae, 367. 
Triadinium caudatum, 363, 400, 410. 
galea, 363, 401, 410. 
key to species, 400. 
minimum, 363, 402, 410. 
Trichomonas, 361. 
T. equi, 363, 367. 
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Trichostomata, key to families, 381. 
Trichomonas ruminantium, 227. 
Trichoptera, order, 120. 
Tripalmaria dogieli, 363, 406, 410. 
Tri-sodium phosphate, 446. 
Trophozoites, 229, 411. 
INDEX 
Trypanasoma hunnai Pitagula, 254. 
Variati<l'll of hydrogen ion concentration, 
431. 
Viscosimeters, 442. 
Doolittle, 442, 443, 444, 445. 
::MaeMichael, 442, 443. 
Ostwald, 442, 443, 444, 445. 
Redwood, 442. 
Scott, 442. 
Stormer, 442. 
Torsion, 442. 
Viscosimetric methods, 443. 
Viscosity, 441. 
decrease in, 443, 446. 
increase in, 446. 
of starch, 443, 444. 
of starch suspensions, effect of added 
reagents upon, 445. 
Yeasts, specific gravity, 196. 
Zoomastigma, 366. 
Zymologist, 459, 463. 
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chloride to give an isotonic solution. If the ionization of sodium hypochlo-
rite were the same as sodium chloride a 0.9 per cent solution of sodium 
chloride would electrolize to form the desired solution. Due to differences 
in ionization, how·ever, the production of the isotonic solution should be 
studied experimentally. Since this is not a Chemical Engineering prob-
lem, it has not been studied in this laboratory. 
TABLE 1. SUMMARY OF DATA ON PRELIMINARY RUNS 
i:i. 8 . 
.,o 
E-; 0 
ss 
0 <1! 
<1! ... z~ 
0 
0 d~ z 
A 2 25 .43 t 3.3 .8151 455 .1791 0 0 
B 2 0-5 .47 3.3 .440 126 .349 0 0 
c 1¥.i 0·5 .44 3 3 .268 48 .558 1 0 
D 2 25 .60 t 3.3 I .8021 132 1 .6081 1 0 E 2 0-5 .53 3.3 1.01 132 .77 0 0 
F 1 25 .58 3.3 .169 312 .0543 0 1.76 0 
~ ~ ~~ :~~ I ~:~ ~ :~~r-1 ~~ I :~~~8 :--1 ~ -7-=~:~:=~--;--~:~=~=~3 
i.a 1 25 .64 3.3 I .164 108 .152 t o i.513 o 
I.b 1 25 I .83 1 3.3 I .436 I 132 I .331 I o I 1.513 o I .c 1 25 .93 3.3 .291 126 .231 O 1.510 O I.d 1 25 1.06 3.3 .239 120 .2441 0 1.65 0 
J-;- --i---~11~--:--~25,,_1~1.0_l_l~s-I .35S-l1o8I .3316lc--~o--;-f ~1~.5·~13~;--~00-K.a 25 .98 3.3 .340 102 .333 0 1.515 
K .b 1 25 I .98 3.3 .340 102 .333 0 0 .703 
TABLE 2. RELATION OF RATE OF FLOW AND CURRENT DENSITY TO 
CONCENTRATION OF SODIUM HYPOCHLORITE 
No.-
Al 
A2 
A3 
Bl 
B2 
B3 
Cl 
C2 
C3 
C4 
C5 
Rate of 
Flow c.c. Time in Current in 
per min. minutes amperes 
12 0 2.0 
12 30 2.0 
12 60 2.0 
6 0 1.8 
6 30 1.7 
6 60 1.8 
6 0 1.4 
6 30 1.4 
6 60 1.4 
6 90 1.5 
6 120 1.4 
TABLE 3. CONCENTRATION OF SO-
DIUM HYPOCHLORITE WITH CON-
STANT FLOW AND CURRENT 
Rate of flow 6 c.c. per minutes. Current 
1.4 amperes 
'l'ime in P er cent 
minutes NaOCl 
10--··--··-··-·---·--·------·--·-------·-·--··-·-··---·---·-·-0.3940 
20 .. ·--·-···-----·--·---·---·-·-·--··-··-··-··--··-·--------··0.4060 
30·--·------·-------------------------------·---··---··-----·-0.4197 
40·-·-··--------·---··--·-·------·--·-··----··---·--·-----·-·-0.4320 
50·---·-··---·-·--·-···-··-···-····--·---··-····--··--···--··-0.4360 
P ercent 
NaOCI 
0.3560 
0.3650 
0.3600 
0.5700 
0.5870 
0.5790 
0.3818 
0.4615 
0.4715 
0.4950 
0.4656 
